Coenzyme A (CoASH) is compartmentalized preferentially in the mitochondria, and CoASH and its mixed disulfide with glutathione (CoASSG) undergo thiol/disulfide exchange reactions with glutathione (GSH) and glutathione disulfide (GSSG) in vitro. We measured CoASH and CoASSG in freeze-clamped lung tissues from Fischer-344 and Sprague-Dawley rats maintained in room air or exposed to Ͼ95% O 2 for 48 h to test the hypothesis that oxidant stresses on lung thiol status would be observed in the CoASH/CoASSG redox couple, suggesting oxidant stress responses in the mitochondria. Lung tissue concentrations of CoASSG in the Fischer-344 rats declined from 0.89 Ϯ 0.15 to 0.51 Ϯ 0.13 nmol/g of lung after 48 h of hyperoxia. CoASH levels declined from 6.40 Ϯ 0.84 to 3.0 Ϯ 0.65 nmol/g of lung, and acetyl CoA levels also were lower in the lungs of animals exposed to hyperoxia. CoASH/CoASSG ratios were lower in animals exposed to hyperoxia, satisfying our previously defined criteria for an oxidant stress on this thiol/disulfide redox couple, but absolute CoASSG levels were not increased, as would be expected for oxidant stresses driven simply by increases in reactive oxygen species or other oxidants. Pulmonary edema was observed in the hyperoxic rats and accounted for some of the declines in CoASH concentrations, but CoASH contents per total lung also declined. Lung mitochondrial succinate dehydrogenase activities were not diminished in rats exposed to hyperoxia, indicating that the decreases in CoASH concentrations are not attributable to general destruction of lung mitochondria. Lung GSSG contents were greater in the hyperoxia animals, but GSH/GSSG ratios, which are dominated by extramitochondrial pools, did not decrease in these animals. The mechanisms responsible for, and the possible pathophysiologic consequences of, the decreases in lung CoASH concentrations are not evident from the data available at the present time, but the loss of more than half the tissue contents of CoASH is likely to generate additional metabolic effects that could have significant pathophysiologic consequences. Administration of supplemental oxygen remains an important therapy in the care of patients with pulmonary insufficiency, as is encountered in many prematurely born infants or in adults with acute respiratory distress. However, this supplemental oxygen can cause adverse effects, as has been observed in the lungs of experimental animals and humans exposed to elevated oxygen tensions (1-4). Cellular injury is manifested when the rates of generation of the reactive species are increased beyond the capacities of the antioxidant defense mechanisms, such as with exposure to hyperoxia (1, 5, 6) , or when the functions of the antioxidant defense mechanisms are deficient, compromised, or developmentally unprepared, such as in prematurely born infants (3, 7, 8) .
Administration of supplemental oxygen remains an important therapy in the care of patients with pulmonary insufficiency, as is encountered in many prematurely born infants or in adults with acute respiratory distress. However, this supplemental oxygen can cause adverse effects, as has been observed in the lungs of experimental animals and humans exposed to elevated oxygen tensions (1) (2) (3) (4) . Cellular injury is manifested when the rates of generation of the reactive species are increased beyond the capacities of the antioxidant defense mechanisms, such as with exposure to hyperoxia (1, 5, 6) , or when the functions of the antioxidant defense mechanisms are deficient, compromised, or developmentally unprepared, such as in prematurely born infants (3, 7, 8) .
In the course of exposure of experimental animals to Ͼ95% oxygen, a relatively prolonged period usually is observed in which no manifestations of injury or dysfunction are readily apparent. This initiation phase is approximately 24 to 36 h in adult male Fischer-344 rats and 36 -48 h in Sprague-Dawley rats (2, 9) . After the initiation phase, animals continuously exposed to Ͼ95% O 2 develop rapidly progressing lung dysfunction, which is followed in short order by death. The prolonged initiation phase followed by the rapid onset of the destructive phase is suggestive of a process in which a crucial intracellular pool, presumably of a critical component involving the antioxidant defense mechanisms, has been depleted to a threshold level, below which cell damage and organ dysfunction are observed.
The initiating events of pulmonary oxygen toxicity probably are mediated by reactive oxygen species, such as H 2 O 2 and ROOH, produced in greater amounts in response to the elevated partial pressures of oxygen (Eq. 1). GSH is distributed throughout mammalian cells and most extracellular fluids and is essential to effective reduction of oxidants, such as H 2 O 2 and other hydroperoxides (10) . Reduction of H 2 O 2 and other ROOH by GSH-dependent glutathione peroxidases produces GSSG and water or the respective alcohol and limits alteration of other biologic molecules by the reactive hydroperoxides (Eq. 2). Sustained availability of GSH depends on cellular synthesis of GSH (not shown) and NAPDH-dependent reduction of GSSG by glutathione reductase (Eq. 3).
ROOH ϩ 2 GSH 3 ROH ϩ GSSG (2)
Increases in susceptibility to hyperoxic lung injury in experimental animals depleted of GSH or GSH-dependent antioxidant functions have been demonstrated in numerous studies (11) (12) (13) (14) (15) . However, exposure of experimental animals to hyperoxia has not been found to lead to depletion of GSH (11) (12) (13) (14) (15) (16) , as would be expected with a GSH threshold-dependent onset of lung injury (17) . Although increases in lung GSSG contents concomitant with onset of hyperoxic lung injury have been observed (18, 19) , the absolute levels of GSSG attained have been limited (9, 16, 20, 21) , and significant S-thiolation of lung proteins has not been reported (22) .
The apparent contradiction between the absence of depletion of lung GSH in response to exposure to hyperoxia and the exacerbation and amelioration of hyperoxic lung injury by manipulations that decrease and increase, respectively, GSH supplies and metabolism suggest compartmentalization or other form of selectivity in the effects of hyperoxia on GSH (23) . Lung mitochondria produce reactive oxygen species under normal conditions, and the rates of production increase disproportionately as the PO 2 is increased (6, 24) . Some investigations indicate that the mitochondria are injured relatively early in the course of exposure to hyperoxia (4, 12, 25) . Decreases in GSH contents in lung mitochondria were not observed in experimental animals exposed to hyperoxia (12, 25) . In fact, mitochondrial GSH contents were reported to increase during exposure to hyperoxia. Although both studies presented the data as GSH, neither study distinguished GSH from GSSG. The data were obtained using enzyme recycling methods that do not distinguish GSH from GSSG, nor from other forms of mixed disulfides with GSH, except through precipitation of proteins with acid, thereby separating PSSG. In most cases, the vast majority of tissue (GSH ϩ GSSG ϩ GSSP ϩ GSSX) is GSH, but this may not be a good assumption under conditions of oxidative challenge, particularly in mitochondria, because mitochondria do not export excess GSSG as actively as most cells export cytosolic GSSG (26) .
Intramitochondrial thiol/disulfide status may be a critical determinant of cellular resistance to adverse effects of oxidant challenges. We have observed protection against oxidant stresses in Chinese hamster ovary cells stably transfected with the cDNA for human glutathione reductase, with a most dramatic protection when the glutathione reductase activities were increased selectively in the mitochondria (27) . In other studies, we observed that H441 cells, which most closely resemble lung Clara cells, were protected from tert-butyl-hydroperoxideinduced cell death (28) or from the cytostatic effects of hyperoxia in vitro (29) by adenovirus-mediated gene transfer of glutathione reductase similarly targeted for expression in the mitochondria. Mitochondrial GSSG, acting through thioldisulfide exchange reactions with PSH in processes reflected by GSH/GSSG ratios, could affect cell viability and function through alterations in protein structure (Eq. 4), such as with the mitochondrial permeability transition pore (30, 31) .
However, efforts to assess the effects of hyperoxia or other oxidative challenges to mitochondrial thiol/disulfide status in vivo are hampered by the time and manipulations required to isolate mitochondria, relative to the rapid artifactual oxidation, reduction, or metabolism of thiols and disulfides. The best methods to minimize these unwanted reactions use freezeclamping of tissues with liquid nitrogen-cooled aluminum tongs, followed by grinding to a powder under liquid nitrogen, and addition of the powder to acid or thiol alkylating agents such as N-ethylmaleimide. Isolation of mitochondria from freeze-clamped or acid-precipitated tissues is not practical. In contrast with mitochondrial GSH and GSSG, which in most tissues represent only approximately 10% of the total pool, Siess and coworkers (32) have estimated that 80% of CoASH in rat liver is intramitochondrial. CoASH and CoASSG undergo thiol/disulfide exchange reactions with GSSG and GSH (Eq. 5) (33), and CoASH and CoASSG can be measured by HPLC in acid supernatants of freeze-clamped tissue, thereby offering a thiol/disulfide biomarker that can be measured with minimum post vivo artifacts and that may reasonably be expected to reflect the intramitochondrial GSH/GSSG redox status (33) .
In the present study, we measured CoASH and CoASSG in freeze-clamped lung tissues from male Fischer-344 and Sprague-Dawley rats exposed to Ͼ95% O 2 for 48 h and in air-breathing control rats to test the hypothesis that oxidant 347 stresses on lung thiol status would cause oxidative shifts in the CoASH/CoASSG redox couple, which, if observed, would be interpreted as preliminary evidence of oxidant stress effects in mitochondria. We compared the effects of hyperoxia in Fischer-344 rats and Sprague-Dawley rats to test the hypothesis that differences in changes in CoASH/CoASSG status would correspond with the greater sensitivity to hyperoxic lung injury of the Fischer-344 rats (9) .
METHODS

Animals.
All animal studies were approved by the Baylor College of Medicine Animal Protocol Review Committee. The studies used Sprague-Dawley and Fischer-344 adult male rats weighing 200 -265 g obtained from Harlan Industries (Houston, TX, U.S.A.). The rats were housed in a sealed chamber with a 12-h/12-h light-dark cycle, and were permitted free access to food and water throughout the experimental period. The oxygen concentrations in the chamber were monitored twice daily and maintained at Ͼ95% by the administration of pure oxygen at 5 L/min. Sodasorb (Dewey & Almy Chemical Division, Grace & Co., Lexington, MA, U.S.A.) was placed in the chamber to absorb carbon dioxide. Throughout the study period, both strains were exposed to identical concentrations of oxygen simultaneously in the same sealed chamber, with a partition separating the two strains of rats. Equal numbers of Sprague-Dawley and Fischer-344 rats were killed after 48 h of exposure to Ͼ95% oxygen. Also, air-breathing control animals from each strain were killed, and the samples were processed in parallel with samples obtained from the hyperoxia-exposed rats. The rats were anesthetized with 200 mg/kg of i.p. pentobarbital, a midline thoracotomy was performed, and intracardiac blood samples were obtained. Heparinized syringes were used for the collection of samples used for Hb determinations. Blood samples for Hb measurements were frozen at Ϫ70°C and analyzed later using Boehringer-Mannheim Diagnostics Cyanmethemoglobin Reagent (Roche Molecular Biochemicals, Indianapolis, IN, U.S.A.). Immediately after the blood samples were collected, portions of lung tissue were freezeclamped with liquid nitrogen-cooled tongs and stored at Ϫ70°C until processed for HPLC measurements. Next, tissues were obtained from the left lung, stored at Ϫ70°C, and used subsequently to measure extravascular lung water contents by wet-to-dry weight determinations as described by Erdmann et al. (34) .
Measurements. A piece of the frozen lung tissue was weighed and ground to a powder with a mortar and pestle cooled with liquid nitrogen. To the powder was added 4 mL of ice-cold 3.0% HClO 4 per gram of tissue, and the mixture was homogenized with a Dounce homogenizer. The homogenate was centrifuged at 10,000 ϫ g for 5 min at 5°C. Two hundred microliters of fresh whole blood was added to 40 L of 70% HClO 4 , and the resulting mixture was vortexed and centrifuged at 10,000 ϫ g for 5 min at 5°C. The CoA species were analyzed in the resulting supernatants immediately, and aliquots of the supernatants and pellets were stored at Ϫ70°C before other analyses.
CoASH, CoASSG, and AcCoA quantitation. Concentrations of CoASH, CoASSG, and AcCoA in blood and lung tissue samples were quantitated by a modification of the HPLC method described King and Reiss (35) . A Waters 6000A pump with an Alltech 7-m C 18 Adsorbosphere column was used (Alltech Associates, Deerfield, IL, U.S.A.). Detection was at 254 nm with a Waters 440 detector. Isocratic conditions using 0.2 M sodium phosphate, pH 2.8, with 4.5% acetonitrile separated the compounds of interest within 30 min. Standards were prepared in 100 mM sodium phosphate, pH 3.0. CoASH and AcCoA standards were in the range of 0.5 to 4.0 M and CoASSG standards were in the range of 0.25 to 3.0 M. A linear relationship was obtained between the concentrations of CoASH, CoASSG, and AcCoA and the respective peak areas. The limits of detection were approximately 5 pmol on column for all three standards, at signal-to-noise ratios of 5 (data not shown).
GSH and GSSG quantitation. An HPLC method was used, using fluorimetric detection of GSH and GSSG, after derivatization with dansyl chloride (1-dimethylaminonaphthalene-5-sulfonyl chloride) (36) . Blood and lung tissue samples were prepared as above, and 100 L aliquots of the acid supernatants were mixed with 100 L of 5% HClO 4 The final pH was measured in each sample, using colorpHast Indicator Strips (Merck, EM Science, Gibbstown, NJ, U.S.A.). The solutions were placed in the dark for 30 min at 25°C. To each sample was added an equal volume of dansyl chloride (1 mg/mL in acetonitrile), and the samples were returned to the dark for 60 min. The samples were extracted with equal volumes of chloroform, and the aqueous phases were removed for HPLC analysis. Standards of GSH (0 -40 nmol per assay) and GSSG (0 -4 nmol per assay) were prepared in 50 mM HEPES-2.0 mM DEPA buffer. Mobile phase solvent A contained methanol/water (4:1, vol/vol). Solvent B was prepared by adding 150 mL of a stock solution containing sodium acetate (272 g), glacial acetic acid (378 mL), and water (122 mL) to 850 mL of solvent A. Separation was accomplished on an Ultracil NH 2 column using a flow rate of 1.0 mL/min and a linear gradient of 100% solvent A to 100% solvent B over 20 min, with a 10-min hold at 100% solvent B. Detection was accomplished with an Aminco-Bowman spectrophotofluorimeter detector, using 328 nm as the excitation wavelength and 541 nm as the emission wavelength. GSH and GSSG concentrations were estimated by peak area ratios relative to the ␥-glu-glu internal standard, compared with experimentally derived standard curves.
SDH activities. SDH activities were measured spectrophotometrically according to Singer (37) . Lung homogenates were fractionated by differential centrifugation, and SDH activities were determined in mitochondrial and cytosolic fractions by monitoring the reduction of ferricyanide at 420 nm.
PSSG determination. PSSG were quantitated using a modification of methods described previously (38) . Lung tissue samples were prepared with acid precipitation of homogenates, 348 O'DONOVAN ET AL.
as described above. One milliliter of 100% ethanol was added to each of the pellets, and the mixtures were sonicated for 30 s. Samples were centrifuged, and the pellets were washed a second time in ethanol. After centrifuging, the protein pellets were suspended in 500 L of 50 mM HEPES-2.0 mM DEPA buffer, pH 8.0, containing 25 mM DTT. The mixtures were sonicated for 30 s and incubated for 60 min at 37°C. At the end of the incubation, 50 L of 70% HClO 4 was added and the solution vortexed for 30 s and then centrifuged at 10,000 ϫ g for 5 min at 5°C. The supernatants were used for the determinations of GSH as described above.
Protein concentrations were determined according to the technique described by Bradford (39) .
Statistics. All data are expressed as mean Ϯ SEM. Data were analyzed using a two-way ANOVA, with strain and FiO 2 as the independent variables. The results of these tests are presented as whether the data indicated effects of strain of rat, meaning a statistical tendency for Sprague-Dawley rats to be different from Fischer-344 rats, independent of FiO 2 ; similarly, a notation of an effect of oxygen indicates a variable affected by exposure of the rats to 95% O 2 , independent of any effects of the strain of rat. The presence of an interaction indicates a statistically significant difference in the effects of hyperoxia on the two strains of rats, or, viewed differently, differences in the manner in which the two strains of rats respond to differences in FiO 2 (40) . When the two-way ANOVA detected an effect of strain of rat or of oxygen concentration, expressed as FiO 2 , or an interaction between these factors, subsequent post hoc testing was performed with modified t tests to determine differences between groups of the same strain, but different FiO 2 , and within the same oxygen exposures but with different strains. All statistical comparisons were performed using SPSS for Windows (SPSS version 7.0, SPSS, Inc., Chicago, IL, U.S.A.).
RESULTS
There were no deaths in rats maintained in air or exposed to hyperoxia for up to 48 h. Exposure to hyperoxia led to increases in extravascular lung water contents, and the increases were greater in the Fischer-344 rats than in Sprague-Dawley rats (Fig. 1 ). There were no interstrain differences in lung GSH or GSSG concentrations (moles per gram wet weight of tissue) in rats maintained in room air (Table 1) . Lung GSH concentrations were lower in rats after exposure to hyperoxia for 48 h, and the decreases in lung GSH levels were more pronounced in Fischer-344 rats than in Sprague-Dawley rats. There were no effects of exposure to hyperoxia or of strain on lung GSSG concentrations, or on the lung GSH/GSSG ratios (Table 1) . Lung CoASH, CoASSG, and AcCoA concentrations were similar in Fischer-344 and Sprague-Dawley rats and were decreased in the two strains of rats by exposure to hyperoxia ( Table 2 ). The effects of hyperoxia on lung CoASH concentrations were quantitatively greater than were the effects on the CoASSG concentrations, as reflected by significant decreases in the CoASH/CoASSG ratios in animals exposed to hyperoxia ( Table 2 ). The declines in lung concentrations of CoASH are not caused by simple shifts in thiol/disulfide redox equilibria, because the decreases in CoASH concentrations are not accompanied by comparable increases in the levels of CoASSG or AcCoA (Table 2) .
To determine the extent to which pulmonary edema (Fig. 1 ) influenced the decreased lung concentrations of these cofactors in rats exposed to hyperoxia (Tables 1 and 2 ), the contents of CoA species and of GSH and GSSG were determined per whole lung in a subset of the animals studied. The calculations were not corrected for body weights, but the animal weights in the experimental groups were not different (data not shown). Lung CoASH contents, assessed as nanomoles of CoASH per whole lung, were higher in Sprague-Dawley rats maintained in room air than in air-breathing Fischer-344 rats. Lung CoASH contents were lower in hyperoxia-exposed rats than in rats maintained in room air ( Fig. 2A) , but CoASSG contents were not diminished significantly by exposure to hyperoxia, and there were no strain-dependent effects (Fig. 2B) . Measurements of SDH activities in subcellular fractions of lung homogenates from animals exposed to hyperoxia and air-breathing control animals did not indicate significant mitochondrial destruction in the animals exposed to hyperoxia (data not shown). These results do not support loss or destruction of mitochondria as an explanation for the decrease in lung concentrations of CoASH.
Lung GSH contents (micromoles per whole lung) were higher in Sprague-Dawley rats than in Fischer-344 rats, but were not altered significantly by exposure to hyperoxia (Fig.  3A) . Lung GSSG contents were increased in lungs of animals exposed to hyperoxia, although there was no effect of strain (Fig. 3B) . We measured GSH released from acid-precipitated proteins by reduction with DTT. This entity is frequently termed PSSG, indicating the mixed disulfide of GSH and the cysteine residues on proteins. In rats exposed to hyperoxia, approximately 2 to 3 times as much GSH was observed on reduction from PSSG (Fig. 3C) as was observed in measurements of GSSG (Fig. 3B) , which in turn was considerably Figure 1 . Effects of hyperoxia exposure on extravascular lung water. Fischer-344 (F344) and Sprague-Dawley (SD) rats were exposed to FiO 2 of 0.21 or Ͼ0.95 for 48 h, and extravascular lung water contents were measured. Data are expressed as mean Ϯ SEM, n ϭ 3-5 per group, and were assessed statistically by two-way ANOVA with differences noted at p Ͻ 0.05. There was a strain-independent effect of FiO 2 exposure, but no O 2 -independent effect of strain. There was a significant interaction between strain and FiO 2 . Data with common letter superscripts are different from each other.
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HYPEROXIA AND LUNG COASH AND COASSG greater than the contents of CoASSG (Fig. 2B) . However, exposure to hyperoxia did not alter the lung PSSG contents.
Because of our focus on efforts to minimize possible changes in thiol-disulfide status post vivo, the lungs studied were not perfused to remove blood before freeze-clamping. We measured the whole blood concentrations of GSH and GSSG, to assess possible effects that blood thiol/disulfide contents might contribute to measurements of thiol/disulfide parameters in the lung samples. Group means for whole blood GSH concentrations varied between 1.0 and 1.3 mM, and there were no effects of strain or exposure to hyperoxia. Group means for whole blood GSSG concentrations were between 0.07 and 0.11 mM, and there were no effects of strain or exposure to hyperoxia (data not shown). These determinations indicate that variable retention of blood was unlikely to affect our estimates of tissue concentrations of GSH and GSSG.
DISCUSSION
The idea that hyperoxia would exert an oxidant stress on an organism is hardly revolutionary, but the specific oxidant stress responses that contribute to the initiation of hyperoxic lung injury have not been well characterized. The decreases in CoASH/CoASSG ratios satisfy our stated criteria for an oxidant stress on this redox couple (41, 42) . The absence of comparable changes in GSH/GSSG ratios (Table 1) in the same tissues suggests the possible compartmentation of oxidant stress responses in lung mitochondria. The lack of an increase in total tissue PSSG contents also is consistent with confinement of any thiol/disulfide effects to compartments of limited size. However, we observed increases in lung contents (expressed per whole lung) of GSSG (Fig. 3B ) in animals exposed to hyperoxia, whereas lung contents of CoASSG were not increased in the same animals (Fig. 2B) . The absence of increases in lung CoASSG contents or concentrations (per gram of tissue, Table 2 ) argues against the observed effects on CoASH and CoASSG arising from simple effects from increased production of reactive oxygen species or other oxidants, whether mitochondrially compartmentalized or not.
The presumed effector steps in oxidant responses to increased levels of GSSG or decreased GSH/GSSG ratios are S-thiolations of PSH groups. Previous efforts, using derivatization with monobromobimane and separation of the fluorescent thioether proteins by SDS-PAGE, failed to identify specific products of protein S-thiolation or other oxidation or alkylation reactions in the lungs of animals exposed to hyperoxia (22) . However, in its present form, the experimental approach with monobromobimane-SDS-PAGE will not be robust in detection of the preferential loss of one specific sulfhydryl in a protein containing several thiol groups. The measurements of CoASH and CoASSG, as used in the present studies, therefore, are complementary to our previous broader studies of PSH status using monobromobimane.
The magnitudes of the shifts in CoASH/CoASSG ratios ( Table 2 ) and increases in lung GSSG contents (Fig. 3B) we observed are not large, and the potential biologic significance of these changes or the PSH S-thiolations that the measurements were designed to reflect are unknown. Other investigators have reported lower initial levels and larger fold increases in lung GSSG contents, relative to levels in air-breathing control animals, concomitant with onset of hyperoxic lung injury (9, 16, 18 -21) . Differences in the specific animal models and methods of analysis exist in these studies (43) .
The decreases in lung CoASH contents cannot be attributed to a simple redox shift to CoASSG, or a metabolic accumulation as AcCoA, because the lung concentrations of these species also decrease in response to exposure to hyperoxia ( Table 2) . Decreased food intake in the rats exposed to hyperoxia (44) might contribute to the decreases in lung concentra- Fischer-344 (F344) and Sprague-Dawley (SD) rats were exposed to FiO 2 of 0.21 or Ͼ0.95 for 48 h, after which lung GSH and GSSG concentrations were measured per gram of lung tissue. Data are expressed as mean Ϯ SEM, n ϭ 6 -9 per group, and were assessed statistically by two-way ANOVA with differences noted at p Ͻ 0.05. * Effect of strain. Data with common letter superscripts are different from each other. 
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tions of CoA species. However, fasting alone causes increases in total hepatic CoA species, especially the short-chain acyl CoA esters (43, 45, 46) . Heart, kidney, gastrocnemius, and diaphragm were relatively resistant to changes in CoA contents during a 48 h fast in rats (45) . We are unaware of comparable published data on CoA species in rodent lungs, but in our own experiments, we have observed no significant decline of lung levels of CoASH and CoASSG in rats deprived of food for 24 or 48 h (data not shown). The marked increases reported in short-chain acyl CoA species observed in livers of rats fasted for 21 to 48 h (46) also contrast sharply with the 50% decreases we observed in levels of AcCoA in lungs of rats exposed to hyperoxia for 48 h (Table 2) . Diminished food intake alone does not appear to offer a likely explanation for lung CoASH depletion during exposure to hyperoxia, but the possibility of an interaction of diminished food intake and primary effects of hyperoxia deserves additional study. The pathways and regulation of CoASH degradation are not well-characterized (47) . The cellular mechanisms responsible for degradation of CoASH appear to involve initial hydrolysis to the 3'-dephospho derivative by a lysosomal enzyme, which suggests that CoASH turnover depends on lysosomal degradation of whole mitochondria. Lysosomal degradation of whole mitochondria, such as through autophagocytosis, would not explain the decreases in concentrations of CoASH because of the absence of comparable decreases in SDH activities. Alternatively, extrusion of CoASH from the mitochondria, such as in conjunction with the opening of the mitochondrial permeability transition pore (30, 31) or other metabolic changes in production or distribution of CoA species might be responsible for the observed effects. per lung were determined. Data are expressed as mean Ϯ SEM, n ϭ 3-5 per group, and were assessed statistically by two-way ANOVA with differences noted at p Ͻ 0.05. Hyperoxia exposure decreased lung contents of CoASH significantly, whereas total lung CoASSG contents were not decreased, irrespective of strain. Data with common letter superscripts are different from each other. Figure 3 . Effects of hyperoxia exposure on lung contents of GSH, GSSG, and PSSG. Fischer-344 (F344) and Sprague-Dawley (SD) rats were exposed to FiO 2 of 0.21 or Ͼ0.95 for 48 h, and GSH (A), GSSG (B), and PSSG (C) contents per lung were determined. Data are expressed as mean Ϯ SEM, n ϭ 3-5 per group, and were assessed statistically by two-way ANOVA with differences noted at p Ͻ 0.05. There was no effect of hyperoxia exposure on lung GSH or PSSG contents, whereas hyperoxia exposure increased lung GSSG contents. There was an effect of strain on lung GSH contents. Data with common letter superscripts are different from each other.
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The pulmonary edema induced in the animals exposed to hyperoxia will decrease the lung concentrations (expressed per gram of lung or per milligram of protein) of substances not present in comparable concentrations in blood plasma. However, the total lung contents of CoASH also were lower in animals exposed to hyperoxia, meaning that the observed effects on CoASH levels are not explained as a simple dilution in edematous tissues. Decreases in rates of CoASH synthesis also may contribute to the mechanisms responsible for the lower CoASH levels we observed in lungs of hyperoxic animals, but adequate tests of this hypothesis will require turnover studies in the relevant animal models.
Many cell types extrude GSSG and other GS-derived conjugates from the cytosol by means of an ATP-dependent plasma membrane pump (48) . Our previous studies in premature infants revealed increased plasma concentrations of GSSG across the heart-lung vascular bed, suggesting net release of GSSG by the lung (8). Mitochondria do not export GSSG as actively as do most cell types studied to date (26) , and active export of intramitochondrial CoASSG through this mechanism would not be expected. Depletion of CoASH through formation and cellular extrusion of CoASSG would seem to require formation of the disulfide in the cytosol or a separate mechanism for export of CoASSG from the mitochondria. The potential physiologic consequences of such a process are indicated by the recent report by Schulter et al. (49) , who observed that CoASSG caused renal vein constriction in vitro at concentrations as low as 10 Ϫ12 M, and increases in mean arterial pressure were observed in intact rats after intraaortic infusion of as little as 50 pmol of CoASSG. The potential of CoASSG thus formed and released to alter pulmonary vascular and bronchial tone in hyperoxia is further suggested by observations of hydroperoxide-induced vaso-and bronchoconstriction in isolated perfused rat lungs (50) , but the potency of the effects will necessitate the development of exceedingly sensitive methods for analyses of relevant models in vivo (51) .
Protein thiol S-thiolation, with the formation of CoASSP, could contribute to relatively rapid and presumably reversible decreases in levels of soluble CoA species under oxidant stress conditions. Evidence has been reported of the existence of a form of CoA that is tightly bound to mitochondrial proteins and is released by treatment with DTT or ␤-mercaptoethanol (52, 53) . In their studies, the authors noted significant selectivity in the proteins to which the CoASH was bound, apparently through the reversible formation of disulfide bonds, and they reported partial inhibition of the activities of the CoA-bound forms of the enzymes acetyl-CoA acetyltransferase and 3-oxoacyl-CoA thiolase. The possibility that the reversible protein S-thiolation by CoASH serves both as a redox-sensitive enzyme regulatory mechanism and as a mechanism for the mitochondria to retain CoA is an attractive hypothesis, but will require additional study.
CONCLUSION
The observed decreases in CoASH/CoASSG ratios in lungs of Fischer-344 and Sprague-Dawley rats exposed to Ͼ95% O 2 for 48 h satisfy our defined criteria for an oxidant stress.
Because most GSH is extramitochondrial, the absence of a similar oxidant shift of tissue GSH/GSSG ratios suggests a compartmental localization of the forces driving the changes in CoASH/CoASSG ratios. However, the absence of increases in absolute levels of CoASSG in the lungs of the rats exposed to hyperoxia is not consistent with the responses anticipated from increased mitochondrial production of reactive oxygen species or other oxidants, and this absence of an increase in absolute concentrations of CoASSG is probably the most important observation in the present studies. The comparable effects of 48 h of hyperoxia on lung CoA contents in Fischer-344 and Sprague-Dawley rats do not correlate with the greater lung injury in the Fischer-344 rats, suggesting that other factors are the dominant determinants of the differences in strain sensitivities to hyperoxic lung injury. Additionally, the link between CoASH/CoASSG ratios and intramitochondrial redox status is speculative. The fractional distribution of CoA species in intraand extramitochondrial spaces and any differences in distribution based on cell type, nutritional status, and metabolic challenges imposed by hyperoxia or other toxicants have not been characterized. Nevertheless, the decreases in lung CoASH concentrations in the rats exposed to hyperoxia should prove to be interesting mechanistically, and may prove to be significant pathophysiologically, but these questions will require further investigation.
